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© Componentfeeder apparatus and method for vision-controlled robotic placement. 



© Electrical components (14) are fed to a vision 
controlled robotic placement apparatus (16). The 
components are carried in a reeled, pocketed carrier 
tape (42) indexed along a dereeling component 
feeder (36) to a pick up station (12). Forward- ad- 
vance of the carrier is stopped when an optical 
sensor (154) in the feeder senses that a depending 
pocket (44) in the carrier tape is generally positioned 
at the pick up station (12). The vision control system 
on the robot is relied upon to locate the pocket (44) 
at the pick up station (12) and to locate the individual 
components (14) presented in the pocket. The conv 
CVJponents (14) are robotically unloaded from the car- 
^rier (42) one at a time and placed on a printed circuit 
^-j- board assembly at a second station (22) with the 
^guidance of the vision control system. As the last 
^component (14) from each pocket is picked up for 
q placement, the vision control system (16) signals the 
CO carrier tape drive moter (50) to index the next pocket 
^(44) to the pick up station (12). 
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COMPONENT FEEDER APPARATUS AND METHOD FOR VISION-CONTROLLED ROBOTIC PLACEMENT 



BACKGROUND OF THE INVENTION 

The present invention relates to a method and 
apparatus for feeding electrical components to a 
vision controlled robotic placement apparatus. 

Reeled carrier assemblies for transporting and 
supplying a large number of electronic components 
are known. The carrier assembly typically com- 
prises a flexible substrate tape including a plurality 
of spaced apart component receiving pockets 
which extend transversely across the tape. The 
pockets are provided in spaced apart parallel rela- 
tionship along the length of the tape. The compo- 
nent receiving pocket may be vacuum formed to 
receive particular electronic components in a dedi- 
cated orientation. A releaseable cover tape is ap- 
plied to the top surface of the carrier substrate tape 
to retain the electronic components in the pockets. 
The covered carrier tape can be would upon a reel 
until it is unreeled for further processing. Carrier 
assemblies of this type can support several thou- 
sand electronic components in a very compact 
manner. 

Carrier tape assemblies have been used in the 
past to feed a large number of components to a 
pick up station where they are picked up by a 
robotic assembly apparatus and positioned in an 
appropriate location on a printed circuit substrate. 
In these prior art robotic assembly machines, a 
tape indexer mechanically positions a component 
receiving cavity at a precisely located pick up 
station for pick up by a robot arm." Exact position- 
ing of the component at the pick up station in these 
mechanically controlled delivery systems is ex- 
tremely important so that the programmed robot 
may always find the electronic part and grasp it at 
desired locations. The robot arm relies upon the 
fact that the part will always be exactly located 
within its grasp, so that it can place the component 
in an exact location on a printed circuit board. The 
carrier tape must be prepared with needed accu- 
racy to ensure accurate robotic placement of parts 
onto the printed circuit board. 

To ensure precise mechanical indexing of the 
parts to the robotic pick up station, the carrier 
tapes are carefully prepared to accurately provide 
the component receiving pockets at equally spaced 
distances along the tape. Moreover, sprocket feed- 
ing holes must be precisely positioned on the 
edges of the tape with respect to each other and 
with respect to the component receiving pockets. 
The prior art carrier tapes are generally fed by a 
mechanical sprocket indexer which relies upon the 
inherent information stored in the tape to guarantee 
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therein is precisely positioned at a robotic pick up 
station. - 

In these mechanical indexer arrangements, the 
cost of providing the precise carrier tape packaging 

5 is undesireably high. The sprocket holes and vacu- 
um formed contoured component receiving pockets 
must be formed at precise locations along the tape 
within extremely close manufacturing tolerances 
which increases the cost of manufacture. Illustrative 

w examples of prior mechanically indexed sprocket- 
hole carrier tapes and indexing feeders for use 
therewith are shown in US4.633.370 and 
US4.61 0,083. as well as, European publication No. 
EP0223505-A. 

is Visual guidance s'ystems for controlling robot 

arm movements are now also known. A visual 
guidance or control system includes image receiv- 
ing means typically in the form of a video camera 
which is capable of receiving an image and trans- 

20 mitting it to analyzing vision control equipment. 
The camera or other image obtaining means is 
typically mounted on the end of a robot arm to 
provide visual information about the locations adja- 
cent the end of the arm. The image may be digitiz- 

25 ' ed and/or analyzed by vision control programming 
and equipment to provide guidance instructions to 
the. robotic drive means controlling the movement 
of the robotic arm. 

Visually guided robot arms have been used in 

30 robotically assembling electrical components to 
printed circuit boards. In these prior art arrange- 
ments, parts are fed to a robotic pick up station in 
organized rigid trays. The trays include a rigid tray 
substrate provided with a predetermined matrix of 

35 discrete pockets for receiving a number of compo- 
nents to be mounted on the printed circuit board. 
The parts are loaded into the pockets one part per 
pocket, all in the same orientation.. Alternatively, the 
rectangular tray can include a plurality of elongate 

40 spaced apart troughs extending the length thereof 
into which a linear array of electrical components 
are positioned for pick up. 

In accordance with these prior art arrange- 
ments, an individual operator loads a filled tray 

45 onto a loading apparatus which then automately 
moves the loaded tray to a pick up station to 
positively position the tray in the pick up station. 
The visually guided robot then picks the parts from 
the tray one at a time and. places them on a printed 

so circuit board. In most of these prior art methods, 
the positive positioning of the tray, and therefore its 
pockets and packaged components, guarantees the 
mechanical positioning of the part for the robot 
arm. The visual guidance systems on these robot 
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marks provided on the target printed circuit sub- 
strate to aid the robot in properly positioning the 
part on the printed circuit board. The emphasis for 
using the visual guidance system has been for part 
mounting accuracy as opposed to parts acquisition. 

A number of disadvantages for the prior art 
tray arrangement exist. The trays themselves only 
hold a limited number of parts. They take up a 
large amount of real estate or area immediately 
adjacent the robotic arm, especially in view of the 
limited number of parts that can be delivered. A 
separate loaded tray indexing apparatus is needed 
which adds considerably to the cost of using" the 
trays.. 

US4.527.326 describes a visually guided 
robotic system for guiding a robot arm which iden- 
tifies and locates properly oriented or particular 
par'.s from among many parts presented along a 
delivery track extending from a vibratory bowl feed- 
er. 

Prior art carrier tape feeders which unreel a 
carrier tape and peel or pull back the adhesively 
applied cover tape before indexing the tape to 
present one pocket at a time at a pick up station 
are known, from the above-identified patents and 
numerous other citations. They all rely on sprocket 
feed holes and mechanical indexing sprocket drive 
means for indexing the tape one pocket at a time, 
with the above mentioned disadvantages. The use 
of vision control systems for accurately placing 
parts on a printed circuit board is now well known 
however, vision control systems have the capability 
of accurately guiding a robot arm to acquire parts 
as well, and this capability has net been fully 
exploited. 

Accordingly, it is desireable to incorporate the 
advantageous features of carrier tape supply as- 
semblies including their ability to successively pro- 
vide a large number of parts at a pick up station 
without taking up a lot of space immediately adja- 
cent a robot, but without the associated packaging 
costs. It is also desireable to incorporate some of 
the features of the prior art tray arrangements 
including their ability to provide a plurality of com- 
ponents per pocket and to use the visual guidance 
system on a robot arm for parts acquisition as well 
as parts placement but without the associated cost 
and manpower requirements previously associated 
with tray feeds. 



SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present in- 
vention to provide a new and improved component 
feeding apparatus and method which mitigates the 
disadvantages of prior art mechanically positioned 



carrier tape and tray feeding apparatuses and 
methods for use in a vision controlled robotic 
placement apparatus and methods. 

In accordance with one aspect, the present 
5 invention provides apparatus for automatically mov- 
ing electrical components from a first station to a 
second station. The apparatus includes a first 'sta- 
tion whereat a plurality of electrical components are 
delivered for movement. Component feeder means 
w are provided for supplying electrical components 
to said first station. The component feeder means 
includes a reeled carrier supply of electrical com- 
ponents having a continuous carrier tape with 
spaced apart component-receiving pockets denned 
is therein and extending the length thereof, electrical 
components disposed in said pockets and indexing ■ 
means for positioning one pocket at a time at said 
first station. 

The apparatus further includes a second station 
20 spaced from the first station whereat electrical 
components moved from said first station are posi- 
tioned. 

A robotic mover means including a robot arm 
having a free end and gripper means for gripping 

25 an electrical component mounted on the free end 
is provided. The gripper means is actuable be- 
tween a closed gripping position and an open re- 
lease, position. Gripper control means are provided 
for actuating the gripper means between said open 

30 and closed positions. Moreover, arm drive means 
for moving the free end and gripper arm between 
the fire: nation and the second station are pro- 
vided. 

A vision system control means for obtaining 
35 visual information at the first and second stations, 
analyzing said information and directing the robot 
arm drive means and gripper means on the basis 
of said analyzed visual information is also provided. 
The component feeder means comprises a car- 
40 rier tape having pockets receiving a plurality of 
similar electrical components in a single orienta- 
tion. In addition, said indexing means includes a 
carrier tape drive path extending through said first 
station, a tape drive means for moving the carrier 
45 tape along said drive path toward the first station 
actuable between an on position and an off posi- 
tion, and drive control means for actuating the tape 
drive means between said on and off positions. 
The indexer further includes optical sensing means 
so disposed adjacent said drive path at the first station 
for sensing when a pocket is located at the first 
station, whereupon said drive control means ac- 
tuates the tape drive means to said off position in 
response thereto and said drive control means ac- 
55 tuates the tape drive to said on position in re- 
sponse to a direction from the vision system con- 
trol means. 

The vision control system on the robot arm is 
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used to find and precisely locate a pocket and an 
electrical connector presented in a pocket. Relying 
on the vision system in a robotic parts acquisition 
step now permits the use of a carrier tape and 
feeder apparatus which is extremely inexpensive to 
prepare and use. Thus, in accordance with the 
method of the present invention, the vision control 
system on the robot arm locates the pocket and 
locates one part in the pocket out of the multiple 
pans presented in each pocket. Multiple connec- 
tors may thus be presented to an unloading station 
in each pocket. 

The carrier tape does not have to be precisely 
positioned at a pick up station for the visual system 
to find the pocket and the parts. No costly manu- 
facturing is required to prepare a precisely dimen- 
sioned and configured carrier tape for feeding a 
large number of parts to the unloading station. The 
component receiving pockets formed in the carrier 
tape do not have to be equi-distantly- spaced from 
one another within very close manufacturing toler- 
ances. Instead, the pockets in the carrier tape may 
be spaced at random spacings along the length of 
the tape. No precise positioning of sprocket feed 
holes with respect to each other, and the pockets 
contained in the tape, is required. As a result, all of 
the manufacturing problems and prohibitive costs 
associated with prior art mechanically indexed car- 
rier tapes are avoided. 

The component feeder indexer for supplying a 
large number of components on a carrier tape may 
be modified to a simpler and less expensive fcrm. 
In the modified parts feeder the advance of the 
carrier tape is stopped at only a general location at 
the pick up station by means of an optical sensor 
disposed alongside the pick up station and the tape 
feed path. Preferably, the optical sensor is a prox- 
imity sensor which includes an optical transmitter 
and an optical receiver located on one side of the 
tape feed path positioned so that a pocket ad- 
vanced into the pick up station will reflect light 
transmitted by the transmitter to the receiver. This 
is effective to send a signal to the drive control 
means to stop the drive motor means. Alternatively, 
an optical transmitter and optical receiver may be 
aligned on opposed sides of the tape feed path at 
a position below the upper surface of the carrier 
tape. Optical sensing by beam interruption may be 
accomplished by relying on the parts in the de- 
pending pocket to block the light beam, or in the 
alternative, the end walls of the carrier tape pocket 
adjacent the transmitter may be made optically 
opaque in order to block the light beam to generate 
a stop signal. 

The visual guidance system on the robot arm 
may be programmed with the commercially avail- 
able programming software provided with these 
vision control systems. The vision system is pro- 



grammed to locate ihe carrier tape pocket at the 
pick up station. The vision system conuol means 
on ihe robot arm is programmed to first view the 
entire trough or pocket at the pick up station to 
5 determine whether or not any connecters are pre- 
sented. If parts are visually detectable in the.pocket 
presented, the Vision system is programmed to find 
the first edge of the first connector positioned in 
ihe trough, viewing each pockei from either left to 
w right or right to left. Given l: lis reference, further 
programming information regarding the connector 
length.-or circuit size, provided to ihe vision control 
means enables the vision system to direct the 
gripping fingers on the robot arm to grasp the first 
;5 connector in ihe mid section for pick up. 

After the robot arm and gripper acquire the 
part, the vision control system directs the robot 
arm to show the gripped connector to a second 
visual sensing means which examines the part 
20 from the underside. The second image is examined 
. by the vision system to determine where the grip- 
per means has gripped the part and locates distin- 
guishable depending features of the connector, i.e., 
mounting pegs, solder tails or surface mount con- 
25 tacts. The vision system analyzes the second im- 
age and compares the actual grip on the part to a 
nominal grip and makes a calculated internal posi- 
tioning correction. 

After the vision system has controlled acquisi- 
30 tion of the connector in the gripper and after the 
position of the gripped part has been recorrected 
and fine tuned, the vision system knows precisely 
. where the part is with respect to the robot arm. 
Thereafter, the robot arm control moves the robot 
35 arm io the "second station and to a general prog- 
rammable location on the printed circuit board 
where the part is to be placed. The vision sytem 
again takes over and either alone or by using 
fiducial marks provided on the printed circuit board 
*o during the printing step, precisely locates the site 
on the circuit board which it to receive the part. 
The vision system then guides the robot arm to 
place the positively located part io the positive or 
exact position on the board. 
45 Thereafter, in accordance with programmed vi- 

sion control methods, the robot arm returns to the 
pick up station. The vision control means again 
views the connector pocket to determine whether 
or not any connectors are left. If connectors are 
50 present in the pocket, the visual guidance system 
locates the first edge of the second connector in 
order to direct the robot arm to pick up the connec- 
tor at its mid section for pick up. The second 
connector is shown to the second imaging means 
55 for positional fine tuning and it is thereafter placed 
at an analyzed position on a printed circuit board. 

The process is repeated until, upon return to 
the pick up station, the vision control* means iden- 
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tifies that the last connector in the pocket is being 
picked up. After the last connector is gripped and 
removed, the vision control means is programmed 
to send a signal to the tape feeder drive control 
means which actuates the drive control from its off 
position to its on position to advance the tape. The 
carrier tape advances until the optical sensing 
means in the feed track identifies, that the next 
connector pocket has been presented to the un- 
loading station which stops the tape drive. 

Thus, information obtained from an optical sen- 
sor and a vision system control- means cooperate 
with the drive control" means to selectively index 
the carrier tape. The arrangement also provides 
other-distinct advantages. More particularly, instead 
of having one part per pocket, several parts can be 
loaded into each pocket. This increases the num- 
ber of connectors that can be handled by the 
apparatus. 

As has been mentioned above, relying on the 
vision control system for obtaining the parts from 
the carrier tape provides several distinct advan- 
tages 'in terms of cost for the overall system. The 
carrier tape can be made with very broad manufac- 
turing tolerances because pockets don't have to be 
exactly equally spaced along the carrier and no 
precisely spaced sprocket feed holes are required. 

The vision control system is used to locate the 
pocket and the part for grasping. As a result, the 
indexing means may now be less precise. The 
feeder simply has to deliver a pocket of parts in 
the general vicinity where vision system expects to 
find them for pick up and the vision control system 
does the rest. 

Moreover, a single tape may be prepared 
which is configured to receive a particular connec- 
tor tape, such as a D-subminiature type connector, 
for example. Thereafter, the same carrier tape may 
be used to store and deliver a plurality of similar D- 
sub connectors for placement, regardless of their 
circuit size. The same carrier tape may be used for 
25 circuit D-subs. as well as, for 9-circuit D-subs. 
The feeder arrangement also provides for easy 
changeover for placement of a new connector type. 
The vision system programming information re- 
quired for a changeover from one part or circuit 
size to another can be stored on tape or disk. The 
programming changeover may be simply plugged 
into the system. An earlier tape can be rereeled 
and removed from the feeder and a new tape slid 
in place without a lot of need for hardware chan- 
geover and machine downtime. 

One way of carrying out the present invention 
in both its method and apparatus aspects will now 
be described in detail by way of example with 
reference to drawings which shown one specific 
embodiment of apparatus in accordance with the 
present invention. 



8RIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a perspective view of a component 
5 feeder apparatus of the present invention shown in 
use wtfh a vision system controlled"robOtic place- 
ment apparatus; 

FIG. 2 is a perspective view of a reelable 
carrier assembly of the apparatus of Fig. 1; 
w FIG. 3 is a top plan view of the reelable 

carrier assembly; 

FIG. 4 is a front elevation view of the reela- 
ble carrier assembly; 

FIG. 5 is a side elevation view of the reelable 
'5 carrier assembly showing a contoured component 
receiving pocket defined therein; 

FIG. 6 is a perspective view of an indexing 
means of the apparatus of Fig. 1; 

FIG. 7 is a side elevation view of the index- 
20 ing means partially cut away to show the tape feed 
path, a drive means and sensing means in greater 
detail; and 

FIG. 8 is a top plan view of the indexer. 
partially cut away to show the tape drive and motor 
25 in greater detail. 

DETAILED DESCRIPTION OF THE ILLUSTRATED 
. EMBODIMENT 

30 

Referring now to Fig. 1, the appaiatus 10 is 
shown in use in a vision controlled robotic place- 
ment apparatus for making printed circuit board 

35 assemblies. Apparatus 10 includes a first station 
comprising a robotic pick up station 12 where 
electrical connectors 14 are delivered for pick up 
by a gripping end effector 16 mounted on the free 
end 18 of a robot arm 20. Apparatus 10 also 

<o includes a second station comprising a printed 
circuit board component mounting station 22. 
Mounting station 22 is spaced from pick up station 
12 adjacent robot arm 20. Mounting station 22 is 
defined at an end 24 of a printed circuit board 

45 mounting guide 26 including a pair of opposed 
guide rails 28 and 30 each including a rectangular 
groove or notch 32 adapted to slidably receive and 
guide a printed circuit board 34 into mounting 
station 22. 

so Pick up station 22 is defined adjacent one end 

of a dereeling component feeder 36 having a hair- 
pin or U-shaped feed path 38 extending along the 
top surface of feeder 36 and returning along the 
underside thereof. A reeled carrier assembly 40 

55 including a continuous flexible carrier tape sub- 
strate 42 having a plurality of spaced apart compo- 
nent receiving pockets 44 extending the length of 
carrier tape 42 is mounted onto the rear end cr 
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feeder 33. Pockets 44 each receive a plurality of 
electrical components or connectors 14. As shown 
in Fig. 1. three D-subminiature type electrical con- 
nectors are mounted in each pocket 44 in a uni- 
form orientation. Connectors 14 are retained irr 
pockets 44 by a releasable cover tape 46 adhe- 
sively applied to the upper surface 48 of carrier 
tape 42. 

Component feeder 34 includes a tape drive 
motor 50 (see Fig. 7) for rotating a pair of spaced- 
apart frictional drive wheels 52 and 54 (see Fig. 8) 
for advancing carrier tape 42 along tape feed path 
36 and through pick up station 12. Empty carrier 
substrate tape 42 is returned along the lower side 
of tape feed path 36 for take up on a substrate 
tape take up bobbin or reel (now shown). The 
cover tape 46 is peeled off of substrate 42 at a 
location along feed path 36 upstream from pick up 
station 12 for take up on a cover tape reel or 
bobbin 56. 

Robot arm 20 is an articulating robot arm which 
may be moved by a robot drive means 58 in the 
direction of arrows 60, 62 and 64. The gripping end 
effector 16 positioned on the free end 18 of robot 
arm 20 includes gripper jaws 66 for grasping each 
electrical connector 1 4. A gripper control means 68 
for actuating the gripper jaws 66 between an open 
released position and a closed gripping position is 
mounted on free end 18. Robot arm 20 is con- 
trolled by a robotic arm drive means 58 which can 
direct and manuever the free end 18 of robot arm 
20 to pick up station 12 to pick up a connector 14 
and move it to the printed circuit board mounting 
station 22 to precisely position the gripped elec- 
trical component 14 in position on a printed circuit 
board 34. 

The robot arm 20 and robot drive means 58 
are further controlled or directed by a vision sys- 
tem control means 70. Vision system control 
means 70 includes means for obtaining visual in- 
formation at the first and second stations 12 and 22 
including a first video camera means 72 mounted 
on the free end 18 of robot arm 20. A second video 
camera means 74 is located adjacent pick up sta- 
tion 12. Second camera means 74 as shown in- 
cludes a surrounding fluorescent lamp 76 which is 
provided to further illuminate the underside of con- 
nector 14 during pick up and placement. 

The vision system control means 70 includes 
controller module 78 for analyzing the visual in- 
formation received from cameras 72 and 74 and it 
further includes output means for directing the ro- 
bot arm drive means 58 and gripper control means 
63 on the basis of the analyzed visual information. 
The vision system control module 78 may also 
send a directed signal to a drive control means 80 
for the component feeder 34 to turn the tape drive 
motor 50 on to advance or index the next filled 



component pocket 44 in tape 12 to the pick up 
station 12. 

Referring now to Figs. 2 to 5. tape 42 is 
moulded from a flexible, optically transmissible 
5 thermoplastic material which may be vacuum 
formed .in accordance with conventional methods to 
define depending connector receiving pockets 44 
including a profile as shown in Fig. 5 which is 
adapted to receive connectors 1 4 mounted therein 
w in a single or dedicated orientation only. 

The carrier substrate tape 42 is provided with a 
width X and connector receiving pockets 44 extend 
transversely across the tape provided with a shor- 
ter width Y to provide side strips 82. 84 extending 
;s longitudinally along opposed sides of the tape. 
Side strips 82 and 84 are not provided with pre- 
cisely positioned sprocket feed holes but they are 
positioned for engagement by the frictional drive 
rollers 52 and 54 in order to advance the tape 42 
20 within the U-shaped feed path 33. 

The exact spacing between adjacent compo- 
nent receiving pockets 44 along the length of the 
carrier tape 42 may be variable. Each pocket 44 is 
an elongate trough adapted to receive a plurality of 
25 similar connectors of the same general type. 

In the embodiment shown in Figs. 2 to 5. 
connector receiving pockets 44 have been vacuum 
formed to define a profiled pocket 44 for receiving 
a D-subminiature type connector. The tape 42 may 
30 be used to supply D-miniature connectors of dif- 
ferent circuit sizes for pick up at the pick up station 
12. More particularly, each connector receiving 
pocket 44 may house two 25 circuit D-sub connec- 
tors and, alternatively, the same tape 42 and pock- 
35 et 44 may be used to feed three 9-circuit D-sub 
connectors. 

Referring now to Figs. 4 and 5, connector 
receiving pockets 44 depend from the upper sur- 
face 48 of carrier tape 42 to a distance below the 

40 upper surface 48. Each depending pocket 44 in- 
cludes a pair of opposed end walls 86 and 88 
extending generally perpendicularly of the upper 
surface of the tape 42. In the side elevation view 
shown in Fig. 5, it is apparent that the end walls of 

<s each pocket form depending surface from the car- 
rier tape which may be used either in reflect trans- 
mitted light or to interrupt a light beam provided by 
an optical sensor. 

An optical sensor is located so that the pas- 

so sage of a depending pocket and particularly an end 
wail 86 with either reflect or interrupt a light beam 
disposed adjacent the feed path 38 to signal that a 
pocket 44 has generally been positioned at the 
pick up station 12. Precise positioning of the pock- 

55 et 44 or the part at pick up station 1 2 is no longer 
required because the the vision system 70 is relied 
upon to locate the pocket 44 anc the parts 14 in 
the pocket 44 during a parts acquisition step. 
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The reelable carrier assembly 40 is fed to the 
robotic pick up station 12 by the dereeling compo- 
nent feeder 36. Referring now to Figs. 6 to 8, the 
dereeling component feeder 36 includes an elon- 
gate generally rectangular base or frame 90 having 5 
an open top 92. A generally U-shaped or hairpin 
tape drive path 38 extends along the top surface of 
the frame 90. turns 180 degree turnaround at the 
front end 94 and returns along the bottom side 96 
of the feeder frame 90. A pair of inwardly extending w 
shoulders 98, 100 including a carrier tape groove 
102 are provided on opposed sides of open top .92 
from a point intermediate the length of frame 90 
toward the front end 94. A pair of opposed elon- 
gate rectangular peel back openings or notches ;s 
104 and 106 extend between respective grooves 
102 and the upper surfaces of shoulders 98 and 
100 as shown. 

Two aligned pairs of spaced apart mounting 
projections 108, 110 and 112. 114 extend upwardly 20 
from spaced apart locations on the mounting frame 
90. A pair of idler rollers 116 and 118 adapted to 
receive reeled carrier assembly 40 and to mount it 
for rotation on frame 90 extend between mounting 
projections 108. 1 10 and 1 12, 1 14, respectively. A 25 
cover tape take up bobbin 56 is also mounted for 
driven rotation between forward mounting projec- 
tions 108 and 110. A third idling roller 120 is 
mounted between mounting projections 108 and 
110. Idling roller 120 receives a drive belt 122 30 
which is connected to a drive shaft 124 mounted 
within frame 90. Drive shaft 124 and belt 122 are 
rotated by means of right angle metered gearing 
126 to a take up motor drive shaft 128 and motor 
• 130. Take up motor 130 is controlled by means of 35 
limit switch 132 mounted atop frame 90 between 
peel back notch 106 and mounting projection 110. 
Limit switch 132 includes a trip lever 134. As drive 
belt 122 frictionally engages and rotates take up 
bobbin 56. bobbin 56 rotates to take up peeled *o 
cover tape 46 until tape 46 is tensiohed between 
bobbin 56 and the rearward edge of peel back 
notch 106. In the tensioned position shown in FIG. 
7, the tensioned cover tape 46 engages trip lever 
134 and deflects it to turn off the take up motor 45 
130. As the carrier tape 42 is advanced forwardly 
in feed path 38 to present another pocket 44 at 
pick up station 12. the tension on peeled cover 
tape 46 is relaxed which releases trip lever 134 
which causes take up motor 130 to be turned on so 
again. 

Referring now to FIGS. 7 and 8. feed path 38 
includes a forward end 136 wherein the tape feed 
path makes a 180 degree hairpin turn around the 
pair of opposed drive wheel 52, 54 and opposed 55 
pair of frictional engagement rollers 138 and 140. 
The frictional engagement rollers 133 and 140 push 
the edge portions 32 and 84 of the tape against 



drive wheels 52 and 54 so that upon counterclock- 
wise rotation of the drive wheels 52 and 54 the 
tape 42 is pulled forwardly along the tape path 38 
to present depending pockets 44 one at a time at 
the pick up station 12. Opposed drive wheels 52 
and 54 are interconnected by a drive "shaft 142. 
The tension between the drive wheels 52 and 54 
and friction rollers 133 and 140 may be adjusted 
by tension adjustment rollers 144 and 146. 

Referring now to FIG. 8. the drive means for 
indexing or advancing the carrier tape 42 through 
the tape feeder 36 is shown. The drive wheels 52 
and 54 are fixedly mounted on the opposed ends 
of drive shaft 142: Drive shaft 142 which includes a 
right angle or miter gear 143 positioned at an 
intermediate point thereof. Right angle drive gear 
meshes with a mating mitered right angle gear 150 
provided on a drive shaft 152 which is in turn 
rotatably mounted to tape drive motor 50 as shown. 
Drive motor 50 rotates the drive shaft 142 in either 
a clockwise or counterclockwise direction in re- 
sponse to electronic signals received from the 
drive control module 80. In this manner the fric- 
tional drive wheels 52 and 54 may advance carrier 
tape 42 past the pick up station 12 or may reverse 
tape 42 along tape feeder path 38 to unload a 
carrier assembly. 

The tape drive control means 80 responds to a 
signal from the vision -control system 70 of the 
robot 20 to turn the tape drive motor 50 on to 
advance the tape 42 to index the next pocket 44 
into position. The feeder 36 relies only on frictional 
engagement of the drive wheels 52 and- 54 against 
the edge portions 82 and 84 of. the carrier tape 42 
to drive the tape 42 to generally locate a pocket 44 
at the pick up station. 

An optical sensor 154 is positioned at the un- 
derside of the tape feed grooves 102 at pick up 
station 12 as shown in Fig. 7. Optical sensor 154 
includes a spaced optical transmitter and optical 
receiver (not shown) positioned on one side of the 
tape feed path 38. 

The optical transmitter sends an angled light 
beam into the vicinity below the pick up station 12. 
As a depending pocket 44 is indexed into the pick 
up station 12 the end walls 86 will reflect the light 
beam back to the optical receiver also positioned in 
the optical sensor 1 54. The optical proximity sen- 
sor 154 receives the reflected light until the pocket 
44 has been advanced out of a reflective position. 
This signals that a pocket 44 has been indexed into 
the pick up station 12. The optical sensor 154 
thereby sends a pulsed signal to the tape drive 
control means 80 to stop the tape drive motor 50. 

Alternative optical sensing arrangements may 
be used besides a proximity sensor 154. For exam- 
ple, an optical transmitter can be positioned on the 
one side cf the tape feed path 33 and an optica! 
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receiver disposed on the opposed side thereof in' 
an aligned position to receive the light beam trans- 
mitted from the transmitter. As a tape pocket 44 is 
indexed into position at the pick up station 12, it 
will interrupt the beam sent from the transmitter to 
the receiver to break the optical circuit The optical 
sensing means is positioned to be interrupted by 
the advancing pocket 44 and end wall portion 86 of 
the connector pocket 44 may be coated or pro- 
vided with light opaque material to interrupt the 
light beam or, connectors 14 within the pocket 44 
may interrupt the light beam. In accordance with 
this alternate sensing arrangement, the beam in- 
terruption signal is received by the tape drive cotn- 
rol means 80 which turns tape drive motor 50 off. 
Regardless of the optical sensing means used, the 
signal is transmitted- to the tape drive control 
means 80 which stops the tape drive motor 50 
thereby generally positioning the pocket 44 with 
connectors 1 4 loaded therein at the pick up station 
12 for pick up by the robot arm 20. 

Component feeder 36 also includes a back 
lighting arrangement for illuminating the underside 
of the carrier tape 42 at the pick up station 12. 
Back lighting may be provided by fluorescent lamp 
156 as shown. Back lighting at the pick up station 
12 is preferred to enhance the vision control sys- 
tem's ability to resolve the pocket 44 and the 
connectors 14 located at the pick up station 12. 

As the vision control system 70 on the robot 20 
knows it is picking up the last connector 14 within a 
pocket 44, it signals the tape drive control 80 to 
turn drive motor 50 on. The drive motor 50 ad- 
vances the tape 42 until a pocket 44 is sensed by 
optical sensor 154 located at the pick up station 12 
which sends a signal to- the tape drive control 80 to 
turn the tape drive motor 50 off. The tape drive 
motor control 80 sends an interactive signal back 
to the vision system 70 that a new pocket 44 has 
been presented. 

Instead of an optical sensing means being dis- 
posed in position for interruption by the advancing 
pocket, a metallic insert can be placed on the end 
wall 86 and a proximity sensor for sensing metal 
may be provided in lieu of the optical sensing 
means 154. Moreover, in the parts acquisition step, 
instead of programming the vision control system 
70 to find the first edge of the first connector 14 to 
position the gripper jaws 66 for pick up, any other 
visually distinctive feature of the connector 14 may 
be used to positively locate the connector 14 and 
the pocket 44. Where the carrier 40 and feeder 36 
are providing D-subminiature type connectors 14, 
the metallic front shell provided on the D-sub- 
miniature connector may provide the reflective vi- 
sually distinguishing feature that is used in pro- 
gramming to assist the vision control means to 
2ir.3Ct the robot arm to pick up a part in an appro- 



priate location. Similarly, other visibly distinct fea- 
tures may also be used to assist the vision control 
means for picking up the pan within a pocket. 

There has been described with reference to the 
5 drawings component feeder apparatus for feeding 
. parts to a vision controlled robotic placement ap- 
paratus which delivers a large number of parts at 
cheaper cost than hitherto and which does not 
require a large amount of space adjacent the robot. 

70 

Claims 

1 . Apparatus for automatically moving electrical 
;5 components from a first station to a second station, 
including: 

a first station whereat a plurality of electrical com- 
ponents are delivered for movement; 
component feeder means for supplying electrical 

20 components to said first station, said feeder means 
including a reeled carrier supply of electrical com- 
ponents having a continuous carrier .tape with 
spaced apart component-receiving pockets defined 
therein extending the length thereof; 

25 and indexing means for positioning one pocket at a 
time at said first station; 

a second station spaced from said first station 
whereat electrical components moved from said 
first station are positioned; 
30 robotic mover means including a robot arm having 
a free end; 

gripper means for gripping an electrical component 
mounted on said free end. said gripper means 
being actuable between a closed gripping position 

35 and an open release position; gripper control 
means for actuating said gripper means between 
said open and closed positions; and arm drive 
means for moving the free end and gripper means 
between said first station and said second station; 

*o and 

vision system control means for obtaining visual 
information at the first and second stations, analyz- 
ing said information and directing the robot arm 
drive means and -gripper control means on the 
45 basis of said analyzed visual information; character- 
ized in that 

each pocket of said component feeder means is 
adapted to include a plurality of similar electrical 
components disposed therein in a single orienta- 

50 tion; in that 

said indexing means includes a carrier tape drive 
path extending through said first station, tape drive 
means for moving the carrier tape along said drive 
path towards the first station actuable between an 

55 on position and an off position, drive control means 
for actuating the tape drive means between said on 
and off positions, and optical sensing means dis- 
posed adjacent said crive path a- said first station 
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for sensing when a pocket is located at said first 
station, whereupon said drive control means ac- 
tuates the tape drive means to said off position in 
response thereto; and said drive control means 
actuating the tape drive to said on position in 
response to a direction from said version system 
control means. 

2. Apparatus as claimed in claim 1, wherein 
said tape drive means includes a tape drive motor 
and a pair of tape drive wheels positioned for 
frictional engagement with said carrier tape along 
the drive path, said drive wheels being rotatable in 
a clockwise or counterclockwise direction by 
means of said tape drive motor. 

3. Apparatus as' claimed in claim 1 or 2 
wherein said optical sensing means includes an 
optical proximity sensor disposed at the first station 
along the underside or said tape drive path for 
sensing a depending pocket extending from the 
carrier tape in said drive path at the first station. 

4. Apparatus as claimed in any preceding 
claim further including illumination means in said 
indexing means disposed below said tape drive 
path adjacent the first station for back lighting a 
pocket positioned at the first station. 

5. A method for automatically moving electrical 
components from a first station to a second station, 
including the steps of: 

proving a first station whereat a plurality of elec- 
trical components are delivered for movement; 
providing a reeled carrier supply of electrical com- 
ponents including a continuous carrier tape having 
spaced apart component receiving pockets defined 
therein extending the length thereof with electrical 
components in said pockets; 

intermittently driving said carrier tape along a drive 
path extending through the first station to position 
one pocket at a time to said first station; 
providing a second station spaced from said first 
station whereat electrical components moved from 
said first station are positioned; and 
providing a vision system controlled robotic place- 
ment means including gripper means for gripping 
an electrical component from a pocket at the first 
station and moving it to the second station and 
positioning and releasing the electrical component 
at the second station characterized by providing 
a plurality of electrical components in each pocket; 
optically sensing the presence of a pocket gen- 
erally at the first station; 

stopping the carrier tape in response to said optical 
sensing to provide a pocket generally at the first 
station; 

using the vision system control to locate the pocket 
and the electrical components in the pocket at the 
first station; 

robotically moving the electrical components in the 
pocket at the first station one at a time until the last 



electrical component is being moved; and 
starting the carrier tape in response to a signal 
from the vision system control that the last elec- 
trical component is being moved to drive the next 
5 pocket to the first station. 
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